The surface activity of three raw silica powders with different structures, one crystalline (C1) and two amorphous (A1 and A2 with different purities) as well as the powders obtained by milling at different conditions measured as the amounts of dissolved Si 4+ ion into ammonia solution was reported previously by the authors. In the present work the surface of the same powders is evaluated by the quantity of OH surface groups. The intensity of the OH bands quantified by DRIFT correlates with the amount of dissolved Si 4+ measured by ICP for all powders. The amount of silanol surface groups (SiOH) increased at any milling condition and reach maximum value. The amorphous powders show higher surface activities than the crystalline powder. The A2 powder shows the highest amount of surface groups and quantity of dissolved Si 4+ in ammonia solution and the crystalline powder shows the least. The effect of particles size distribution, particle size and morphology on powders surface activity is discussed.
Introduction
Silica (SiO 2 ) is one of the most abundant minerals on the earth's surface and is an important technological material. Intensive research has been carried out on the chemical modification of silica: organic molecules or radicals, inorganic and metal complex compounds have been attached to the surface of silica with a thin layer in order to prevent their aggregation and agglomeration and the region of application of these materials: gas chromatography, synthesis of metal-complex catalysts, and selective separation and concentration of micro-amounts of organic and inorganic substances. In these reactions the surface hydroxyl groups play an active role because of the attachment of molecules to silicon silica surface demands surface functionalization through hydroxylation and termination of surface with silanes. 1)4) The surface properties of silica depend on the presence of silanol groups. It is thus necessary to obtain both qualitative information on the chemical properties of the silica surface and quantitative data on the surface concentration of silanol groups.
2),5)7) Deposition of different compounds on the surface of SiO based materials is usually achieved by adsorption. The adsorption efficiency increases proportionally to the amount of surface active sites.
8) The mechanical treatment of silica leads to the appearance not only of strongly distorted SiOSi fragments of the siloxane bonding, but also of ÔSi·, SiO· and Si: radicals. When the mechanical treatment proceeds, various active sites are produced.
2) The functionalization of the silica particle surface can be used to enhance and/or control the overall properties of the particles for desired applications. The nature of the functional groups on the particle surface usually plays a critical role in the surface properties of particles such as hydrophobicity and chemical reactivity. Surface ÔSiOH groups can form as a result of rehydroxylation of dehydroxylated silica when it is treated with water or aqueous solutions. The surface silicon atoms tend to have a complete tetrahedral configuration and in an aqueous medium their free valence becomes saturated with hydroxyl groups.
8) The changes in the particle size distribution, specific surface area, morphology and amount of dissolved Si 4+ in ammonia solvent of the three raw and treated silica powders produced by milling under different conditions were presented in ref.
9),10) In the present work, the surface activity of these raw and treated powders is evaluated by the amounts of surface OH groups and compared with the previously obtained measurements of surface activity by a different method. Possible links between the raw powders characteristics and the efficiency of the mechanical treatment in increasing the surface activity are discussed.
Experimental procedure
The three types of silica powders used in the present investigation were supplied by TOSO Ltd., Japan. Specifications of the raw and mechanical treated powders previously obtained are shown in Table 1 . 10) DRIFT (Diffuse Reflectance Infrared Fourier Transform) spectra were obtained using a JASCO FTIR-6200 spectrophotometer. This technique is very useful to obtain information about the structure configuration of the silica powder surface before and after treatments. A 100% powder filled micro sample cup was used to obtain absorbance spectra in the 40002000 cm ¹1 region. The spectra were recorded under 10 ¹3 Pa of vacuum. Background grounded KBr powder spectra were obtained and used to normalize the sample spectra. All spectra were measured with a total of 512 scans and a resolution of 4 cm ¹1 .
Results and discussions
DRIFT spectra of the raw and previously mechanically treated powders were obtained. For the treated powders, those showing the highest and the lowest dissolved silicon ion for each rotation speed were chosen. Figure 1(a) shows the common scale DRIFT spectra of the raw silica powders in the SiOH (silanol) and SiH (silane) stretching band frequency regions 40002000 cm ¹1 In Fig. 1(b) the spectra corresponding to the best milling conditions for each powder (milling speed milling time ball size as following: C1 300-60-01; A1 200-15-05 and A2 200-15-10) are shown. The presence of related silanol (OH) groups stretching vibration is revealed by the broad band between 2800 and 3800 cm ¹1 (dotted arrow) and the band at 2250 cm ¹1 is assigned to SiH bond vibrations. All bands were assigned in ref.
11)13) The SiH band appears not to be affected by the DRIFT accessory and can be used as a reference for each individual spectrum.
The spectra of all powders are not shown but they were used to assess the amount of OH surface groups in the form of an integrated OH/SiH band frequency absorbance ratio.
The obtained integrated OH/SiH band frequency absorbance ratio data was compared with the previously reported amounts of dissolved Si 4+ from ICP measurements (data for C1, A1 and A2 powders were taken from, 9),10) respectively), The relationships are shown in Figs. 2(a) and 2(b) . The surface activity of powders C1 and A1 is 10 times lower than A2. An extended view of the marked region in (a) for two powders C1 and A1 is shown in (b). The results show that OH surface groups and Si 4+ could be produced by mechanical treatment and there is correlation between them for each powder at all tested milling conditions. The A2 powder shows the highest and much different amount of surface OH groups compared to other powders; the crystalline C1 powder shows the lowest and the powder A1 falls in between for both raw and mechanically treated powders. In Fig. 3 the OH and Si 4+ ion quantities measured for the raw (R) and mechanically treated powder (M) showing the largest increase. The starting point of surface activities as surface groups or surface configuration of each powder is different and depends on the manufacturing method and further treatments. 14) 19) The effect of the applied milling process in modifying the original surface will also be different depending on the raw powder characteristics. This is clearly seen in Fig. 3 in relation to the data presented in Table 1 . The raw crystalline powder C1 presented almost no surface activity but since the particles were broken by the milling treatment it shows the most efficient increase in the amount of surface OH groups (8 times) and amount of Si 4+ (more than 500 times). In the case of the other two amorphous powders, A1 and A2, the difference in the activities of the raw powders may be related to the difference in particle size. Even though the data is normalized by the specific surface area the surface activity of the powder with smaller particles is larger. For these powders even though the particles were not broken but only deagglomerated, the amount of surface OH groups and the amount of dissolved silicon ion in ammonia solvent corresponding to 4 & 1.7 times (A1 powder) and 2.4 & 1.9 times (A2 powder). These results show that the milling process is a useful method for activating the amorphous silica powder surface without breaking the particles. To keep the original particles structure without sintering is necessary in some applications.
Summary and conclusions
-Two different evaluation methods ICP and DRIFT indicated that the specific surface activity of three silica powders could be successfully modified by a planetary milling process.
-The amount of OH/SiH absorbance band ratio for all raw and milled treated powders measured by DRIFT correlates with quantitative dissolved Si 4+ measured by ICP. -DRIFT technique can be used for evaluation the degree of surface activities of ceramic powders as the amount of silanol (OH) groups equivalent to active sites as measured by ICP.
This surface activity evaluation method can be applied for other ceramic powders. Fig. 3 . OH/SiH absorbance ratios and surface area normalized amount of dissolved Si 4+ ion in ammonia of each powder before (R) and after milling (M). By milling treatment the increasing in amount of surface OH groups and amount of Si 4+ corresponding to three powders C1, A1 and A2 are 8, 500; 4, 1.7 and 2.4, 1.9 times.
